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B A( K(.ROIM) OI 1111 IN\ KM ION 

1 . Field of the Invention 

[0001 ] This invention relates to an iron powder lor environmental remediation having 

superior capabih'v to dchalogenate halogenated hydrocarbons. The invention aho relates to 
a method for remediating at least one of soil. v\ater ami gas contaminated u ith halogenated 
hydrocarbons by using the aforementioned iron powder. 

2. Description of the Related Art 

[0002] Recently, halogenated hydrocarbons, such as trichloroethylene (TCP), have 

been used in quantity as decreasing solvents in semiconductor factories, metal-processing 
lactones and the like. After use, the halogenated hydrocarbons have been conventionally 
discharged or dumped into water, on or into the ground, etc. Hence, contamination of soil 
and groundwater due to those materials has become a significant social issue. 
[0003] The following conventional methods are known for treating such pollution. 

|0()04] Methods for treating polluted groundwater, soil gas and the like such as vapor 

extraction methods and pump and treat methods, in which the groundwater is drawn from the 
soil and treated to be rendered harmless are known. Activated carbons and detracting 
agents are used to eliminate and/or detract the contaminants in those treatments. 
[0005] In the method* tor treating the polluted soil, thermal desorption methods and 

thermal destruction methods, in which the polluted soil is excavated and heat-treated and. 
therefore, rendered harmless, are known. 

[0000] Further, bioremediation methods using microbes ha\c been used to render the 

pollutants in the soil or groundwater harmless by direct destruction. 
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[0.)()" j However, in the vapor extraction methods, the pump and treat methods and the 

like, facilities muM he separately provided at the site to render the pollutants harmless alter the 
aforementioned drawing or pumping. Therefore, the treatment cost is increased. 
[0008] In the methods in which the excavated soil is thermally destructed at high 

5 temperatures and the like, a large-scale facility is required lor the heat treatment of the soil. 
Furthermore, since soil panicles themsehes deteriorate due to heat, and functions of, for 
example, growing living orgamsms, which are inherent in the soil, are substantially degraded, 
it is difficult to reu^e the soil after the treatment. 

10000) The bioremediation method cannot he applied to all soil because the soil at 

10 each site has different characteristics. Fven when it is applied, reactions proceed slow ly 

since they rely on the function of microbes and the method requires a long treatment time and. 
therefore, has poor usefulness in practice. 

[0010] As a method which might overcome the aforementioned problems of 

conventional measures against the pollutions, various methods, in which halogenaled 

15 hydrocarbons as pollutants are contacted with iron functioning as a reducing agent to render 
them harmless by dehalogenation. ha\e been suggested and have attracted attention. 
[001 11 For example, Japanese Unexamined Patent Application Publication iTokuh\o) 

No. 5-501520 (\\\)9 1/()S17(:>) describes a method in which a channel is dug in a How path of 
groundwater and filled w ith iron in the form of particles, slices, fibers, or the like. 

o.) Subsequently, the iron is contacted with the haiogenated hydrocarbons which cause pollution 
of the groundwater to dehalogenate and render the haiogenated hydrocarbons harmless. The 
iron used in thai process is not necessarily specifically prepared and. therefore, generates 
waste during the steps of cutting metals or low puntyiron powders such as iron powders are 
genera; ed during the steps of casting iron and the like. 

I" [001 2 ] A method similar to the aforementioned method. ;n wkLh halogenaled 



hydrocarbons contained in ike groundwater as pollutants are rendered harmless by using metal 
iron mixed with activated carbon, is described in Japanese rnexamined Patent Application 
Publication ffokuhyoj No. u-50bb31 (\Y092/1^556). 

1.0013] Japanese Unexamined Patent Application Publication (Tokukai) No. 1 1- 

.. 235577 discloses a method in which chlorinated organic compounds contained in the soil 
abo\e the level of groundwater or the excavated soil is contacted with an iron powder and 
rendered harmless by dechlorination. The iron powder used in this method must have a C 
content ot 0.1 r i or inore and a specific surface area of 0.05 nr/g or more. Further, this iron 
powder must have such a panicle size that 50 r ? by weight or more of the iron powder passes 
10 through sieve openings of I50jiim A spongy iron-ore-reduced iron powder has been 
recommended for such an iron powder. 

10014] International Patent Publication WO 07/0486S describes a method in which a 

mixed metal produced by precipitating at least one metal selected from the group consisting of 
Cu. Co. Ni. Mo, Ri, Sm Pb, Ag, Cr. Pd, Pt ami Au on an iron powder is contacted with an 

15 aqueous composition polluted with halogenated hydrocarbons, and the halogenated 
hydrocarbons are dehalogenated and. theiefore. the aqueous composition is remedied. 
[0015] bach of the aforementioned methods, in winch halogenated hydrocarbons as 

pollutants are contacted with iron functioning as a reducing agent and rendered harmless by 
dehalogenation. has a cost advantage and. therefore, is superior to conventional measures 

I'j against the polluted soil and the poPuied groundwater. 

|001o] However, the iron used in the aforementioned methods may not be optimized 

lor the aforementioned purposes and uses and. therefore, there has been a problem m that 
halogenated hydrocarbons cannot always be destroyed at a sufficient speed. 
[001 / | On the other hand, the method disclosed in International Patent Publication 

wo u — u;s^s ■;, mended to impio^e the -peed of de'nalogena: ion of the halogenated 




hydrocarbons by increasing the reducing action of the iron pow der through precipitation of 
metals, such as Cu. on the >ui!ace ot the iron powuer and. therefore, the eH'cct due to the 
addition of the meail is surely exhibMed. . • ! 

[00 1 S ] However, a pan of the metals used in the afo/ementioned method, for example. 

? tin, is harmful in itself. Furthermore, since many of the used metals are expensive, especially 
molybdenum, platinum, gold, and the like, are very expensive, another cost problem mav 

objkcts 01 nii; invention 

10 [00191 Accordingly, it is an object of the invention to provide an iion powder for 

environmental remediation, wherein the speed of dehalogenation of halogenated hydrocarbons 
is increased, and the problem of secondary pollution due to metals contained in the iron 
powder and the problem of the cost are overcome. 

100201 Furthermore, it is another object of the invention to provide a method for 

15 simply, speedily, and inexpensively remediating at least one of soil, water, such as 

groundwater, and gas polluted with halogenated hydrocarbons by using the aforementioned 
iron powder without the fear of secondary pollution. 

:o SI MMARY OF Till INVENTION 

10021 ] According to an aspect of the invention, there is provided an iron powder lor 

remediation to dehalogenate halogenated hydrocarbons contained within contaminated media, 
wherein an inorganic compound having an electric resistivity of about 1 x 10T2 m or less is 
present icxists) on the surface of the iron powder. 
: " [0022 | In the iron powder for remediation according to iho imcntion, the 




aforementioned inorganic c^umo u.-d ;Mefe r ably contains a least one element ^elected from 
the group consisting of C ; . Ti, V, ami Cv. 

[0023] The aforementioned inorganic compound is preferably at least one selected 

from the group consisting of nitrides, oxides, sulfides, and carbides. 

5 iO()24| According to another aspect of the invention, there is provided a method lor 

remediating media such as at least one of soil, water, and gas which includes a step of 
contacting an iron powder with halogenated hydrocarbons contained in at least one of the 
media, soil, water, and gas to remediate the media polluted with the halogenated hydrocarbons 
by dehalogenating the halogenated hydrocarbons, wherein an inorganic compound having an 

10 electric resistivity of about 1 x If) T2 in or less is present on the surface of the aforementioned 
iron powder. 

[0025] In the method for remediate at least one of the soil water, and gas according to 

the invention, the inorganic compound present on tne surface of the aforementioned iron 
powder preferably contains at least one element selected from the group consisting of Ca. Ti. 
15 V.andCr. 

[002h] The aforementioned inorganic compound is preferably at least one selected 

from the group consisting of nitrides, oxides, sulfides, and carbides. 

10027] According to the iron powder of the invention, the speed of dehalogenation of 

halogenated hydrocarbons is increased, and there is no fear of the problem oi secondary 
:.{> pollution due to metals contained in the iron powder. The iron powder of the invention can 
be inexpensively produced. Furthermore, the iron powder of the invention can be applied to 
conventional methods, in which iron powders are used to render the polluted soil, groundwater 
and the like, containing halogenated hydrocarbons harmless, w ithout any further treatment. 
Therefore, the iron powder for remediation arid the method for remediating at least one of the 
soil, w ater, and gas according to the :n\ entio;; has superior u^clulncss in practice. 
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DESCRIPTION Ol I HI i'RKH KRIT) IMBODIMIM S 

[0028] An iron powder 'or remediation according to the invention will now be 

described below in detail. 
5 (0029 1 Regarding the iron powder for remediation according to the invention, an 

electrically condacti\e inorganic compound is present on the surface of the raw iron powder. 
More specifically, an inorganic compound having an electric resislivitj p of about 1 x "rirfl m 
or less \ < present on the surface of the law iron powder. 

|0030] The electric resistivity p of the inorganic compound present on the surface of 

10 the iron powder is about I x lO 'jQ m or less, preferably, about 9 x 10 Y2 m or less, more 
preferably, about 1x10 : Q m or less, and further preferably, about 9 x l()^Q-ni or less. 
[(J{)31 ] When such an electrically conductive inorganic compound is present on the 

surface of the iron pow der, a local cell is formed between the base iron and the inorganic 
compound, and the reducing action of the iron powder is increased. Specifically, it is 
15 believed that the capability to impart an electron to the halogenated hydrocarbon is increased 
and. as a result, dehalogenation of the halogenated hydrocarbon is accelerated. 
[00 -2] In the iron powder according to the invention, in order to exhibit a reducing 

function sufficient for accelerating the dehalogenation of the halogenated hydrocarbons due to 
the formation of the local cell at the surface part of the iron powder, the inorganic compound 
is preferably present on the surface of the iron powder in an appropriate covering rate. In the 
iron powder according to the invention, usually, about l r i to about by area of the surface 
of the iron powder is covered with the inorganic compound. The inorganic compound 
covering rate is preferably about 5 r < to about Wt by area, and more preferably, is about 10 r i 
to about 50 r ; by area. The inorganic compound can di^persive'y cover or exist on the 
;o ^u: lace of iron powder 'particles. 
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[0033] Tlu inorganic compound present on the surface of the iron powder according 

to the invention is not specifically limited as long as it is an electrically conductive inorganic 
compound having the electric resistivity p of about 1 x 1CT ft-m or less. Such an electrically 
conductive compound can be selected from compounds containing an element, tor example. 
Ca. Al, Ti. Mm V. Cr. and Ni. 

[0034] Among these metal elements. Ca. Ti. V. and Cr are likely to produce inorganic 

compounds having the electric resistivity p of about 1 x HP il m oi less, and the compounds 
are generally harmless Therefore, the inorganic compound present on the surface ot the mm 
powder according to the invention preferably contains at least one element selected from the 
10 group consisting of Ca. Ti. V. and Cr. More preferably, the element contained in the 

aforementioned inorganic compound is substantially at least one selected from the group 
consisting of Ca, Ti, Y , and Cr. 

[0035] Examples of the atoms (or atomic groups) capable of providing the electrically 

conductive inorganic compounds include, for example, fluorine, nitrogen, oxygen, sulfur, and 

15 carbon. Therefore, as the electrically conductive inorganic compounds, fluorides, nitrides, 
oxides, sulfides, and carbides and composite compounds thereof are preferred. 
[0030] The inorganic compound vised in the invention preferably contains, among 

these, nitrides, oxides, sulfides, or carbides because these are likely to produce inorganic 
compounds having an electric resistivity of about 1 x 10" £2 m or less. More preferably, the 

:.u aforementioned inorganic compound is a nitride, oxide, sulfide, carbide, or composite 
compound th ere of 

[003" i In the iron powder for dehaiogmatmg the halogenated hydrocarbons according 

to the inxention. it is preferred that the inorganic compound present on [lie suriace ot the iron 
powder is an inorganic compound containing at least one element selected trom the group 
coiisisunL; of ("a. Ti. V. and Cr. and is a nitride, oxide, vffide. carbide, or e-impo>iie 




compound thereof. 

[0038] Among the aforementioned preferable inorganic compounds, in particular, a 

nitride, oxide, sulfide, or carbide of T i 'S preferred because v is especially likely to produce 
inorganic compounds having an electric resistivity of about 1 x ID" il m or less. 

5 [003 l M Specific examples of the aforementioned inorganic compounds include, lor 

example. CuCrO-. (p= 7 x 10' 12 in). TiO ip= 3 x 10* <2-m). 1 1 ( ). (o= y x 10 ■ £2 m). Ti : () 5 
(p= 1 x \ir ilm). fiN ip= 2.17 x 10" am). TiS (p- 4 x 10" 12 m). TiC ip= 2 x 10" (2 m), 
YU 2x10'' 12 in). V-O, (p- 1 x 10* il no. and (T() : .p" ; \ H)' (2m). 
[0040] Plural kinds of inorganic compounds may be present on the surface of the iron 

10 powder. Preferable plural kinds of inorganic compounds will now be described below taking 
the aforementioned preferable inorganic compounds as examples. 

[004 1 ] for example, different inorganic compounds containing different elements, 

such as Ti and V. may be present in combination with the same atom or atomic group. 
Furthermore, different inorganic compounds containing different atoms or atomic groups 

15 constituting each oi the inorganic compounds, such as a nitride and oxide, may be present in 
combination with one metal element. Different inorganic compounds containing different 
elements, such as Ti and V. and different atoms or atomic groups constituting each of the 
inorganic compounds, such as a nitride and oxide, may be present. However, the inorganic 
compounds effective for the invention have an electric resistivity of about 1 x 10" il in or 

2 : » less. 

;0042] The panicle diameter and shape of the iron powder for remediation according 

to the invention are not specifically limited, and can be appropriately chosen with reierence to 
the iron powders used in the conxentionai methods. Por example, the panicle diameter can 
be appropriately chosen depending on the state of the media such as soil, water or gas to be 

:r remedied, 



[004?] For :•. sperfic example, when applied to general soil. She aforementioned iron 

powder preferably has a pait*cle diameter distribution such that about t>0 r i by mass or more ..f 
the iron powder passes through a i Of 3 nun sieve. When applied u> the groundwater and a 
specified permeability must bo achieved, the aforementioned iron powder preferably has a 
5 panicle diameter distribution such that about SOT* by mass or more of the iron powder does 
not pass through a 250 jam sieve. 

[0044 j Examples of the raw mm powders used as a material lor the production ot the 

iron powder for remediation according to the invention may include, loi example, those 
produced by the following methods. 

lO [0045] A preferable method is one in which mill scales or iron ores are Fist subjected 

to reduction with coke, the resulting reduced iron powder is pulverized, and the particle 
diameter adjusted. Thereafter, finish icduction is performed in a stream of hydrogen for 
adjusting the purity at a predetermined value to produce the raw iron powder. A method, in 
which an iron powder produced by a water atomi/alion piucess is subjected to the finish 

15 reduction in a stream of hydrogen, is also preferred. In addition to these, iron pow ders 

produced by an oxide reduction process, water atomi/ation process, carbonyl process and the 
like can be used after the purities are adjusted as described below, f urthermore, those 
produced from starting materials, such as a powder of iron scrap, and the purity thereof being 
adjusted at a predetermined value as described below by a method, for example, pickling and 
reduction* in a stream of hydrogen, may be used. As the raw iron powder in the moention. 
commercially available pure iron powders for powder metallurgy may also be used. 
[004e] The contents of die primary impurities other than iron, specifically. ( \ Si, Mm 

P. S. and O. contained in the raw iron powder are not specifically limned, although, they are 
usually C: ().(H)5 r ; to 0.2 f i by mass. Si: 0.005'"; to 0. - ; bymas^.Mn: 0.0()5 r ; to 

Z5 0.50 r ; bv mass. T: n.on?'"; m 0 05 r ; bv ma^. S: n . >0 ■ ; or m ue. but levs than 0.0? r <* b\ 
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mass, and 0: ( ).()(t5 r '< toO. L K>." h\ mass. Other ine\ itublc impurities, about the amount 
found in commercial pure iron powder, may also be contained. However, these components 
are not necessarily limited within the aforementioned range. 

[0047] The method for making the inorganic compound having an electric resistivity 

5 of about 1 x l(r Q-m or less present on the surface of the iron powder is not specifically 
limited as long as 'he inorganic compound is present on the surface of the iron powder with 
the aforementioned preferable covering rate. 

[O01S 1 For example, thcie is a method in which a powder ol an inorganic compound of 

a nitride, oxide, carbide, or the like c^Ca. Al. Ti. Mn. V, Cr, Ni. or the like and an iron 

10 powder is mixed, and the resulting mixture is heated to provide the inorganic compound 

present on the surface of the iron powder. There is also a method in which an iron powder is 
immersed in a solution containing a soluble inorganic compound salt such as a chromale and. 
subsequently, the iron powder is heated and. therefore, provides the inorganic compound 
present on the surface of the iron powder. Furthcimore, other examples include a method in 

15 which an inorganic compound is present on the surface of the iron powder by heating and 
melting, and a method in winch an inorganic compound in a stale ol powder or solution is 
adsorbed on the surface of a porous iron powder. Another possible method is to include excess 
amount of elements that constitute the inorganic compound in the iron powder, and cause the 
precipitation of the compound in the iron powder panicles by. for example, heat treatment so 

Tu as to make some of the compound be precipitated or exposed on the surface ol the particles. 

[0049] Among these methods, regarding the methods including the step of heating, the 

heating is preferably performed in a vacuum, in an atmosphere of nitrogen, or in an 
atmosphere of argon to prevent denaturation of the inorganic compounds. In particular, 
heating in an atmosphere of nitrogen is especially preferred because special devices, such, as a 

;^ decompress;. ip. device, are :v >t required, and the gas to he u^ed is inexpensive. 




[0050] The heating temperature is preferably about 700 c C to 900- C depending on the 

inorganic couponing ro be pvsciit on the surface of the lion powder and. more preferably, the 
temperature is about S(Mf l\ The heating time can be appropriately chosen in accordance 
with the targeted covering rate i inorganic compound covering rate on the surface of the iron 
powder), and is preferably about 5 minutes to about 120 minutes. 

■0051 1 In the method in which the mixture of the inorganic compound and the iron 

powder is heated, the mixing mUo of the inorganic compound to the iron powder can be 
appropriately chosen in accordance with the targeted covering rate, although it is usual! v 
about 1 : 1 0,000 to about i : 1 0 and. preferably, about 1 : 1 .000 to about ! : 100. 
[0052] As described above, the iron powder for remediation according to the invention 

is effective for dehalogenation of the halogenated hydrocarbons. In particular, it effectively 
dehalogenates halogenated hydrocarbons in which a halogen atom, for example, a chlorine 
atom, is substituted for a hydrogen atom of a hydrocarbon (especially aliphatic hydrocarbon). 
[0053] Specific examples of the halogenated hydrocarbons, which can be effectively 

dehalogenated according to the invention, include, for example, methyl chloride, 
dichloromethane. chloroform, carbon tetrachloride, 1 , 1 -dichloroethane. methvl chloroform, 
1 .1.1-trichloroethane. 1 .1 ,2-lrichloroethane. 1 .1 . 1 .2-telrachIoroethane. 1 .1,2,2 - 
telrachlnroethane, 1 .1 -diehloroethylene, cis- 1 ,2-dichloroelhylene, trans- 1 .2-dichloroethvlene, 
trichlorocthylene (TCI-:}, tetrachloroethylene (PCH ). 1 .2-dichloropropane, 1 .3-dichloropropene. 
methyl bromide. 2-bromopropane. 1 ,. ; -dibromopropane. 1 ,4-dibromobutane. and alM 
bromide. 

I00o4] Next, a method for remediating media such as at least one of soil, water, and 

gas according to the invention will now be described. When referring to "media" and/or 
"soil", these terms are intended to apply broadly to include excavated or unexcavated soil, 
municipal, refinery or chemical slwdges or particulate^, w aterw ay and lag. >on sediments and 



the like. 

[005 ^ ] In the invention, the aforementioned iron powder for remediation u^cd to 

perform dehalogenation .s contacted with halogenated hydrocarbons contained in die 
contaminated medun soil. water (groundwater, etc.). gas and the like. The method tor the 
5 contact is not specifically limited, and may he chosen from conventionally suggested methods 
according to the circumstances. 

[0050] For example, it is efficient to ciioove a location where the concentration of the 

halogenated hydrocarbon is high. Specific examples of the aforementioned methods include 
the following methods (a) to le). 
10 (a) a method in which the iron powder for remediation according to the invention 

is set m the groundwater vein polluted with halogenated hydrocarbons. 

(b) a method in which the groundwater polluted with halogenated hydrocarbons is 
pumped up and contacted with 0k iron powder for remediation according to the invention. 

tc) a method in which the iron powder for remediation according to the invention 
15 is added into the soil polluted with halogenated hydrocarbons. 

(d) a method in which the soil polluted with halogenated hydrocarbons is 
excavated, and thereafter, the e\ca\ated soil and the iron powder for remediation according to 
the invention are mixed, and 

<e) a method in which the gas produced by suction from at least one of the sod and 
:>> the groundwater polluted with halogenated hydrocarbons is contacted with the iron powder lor 
remediation according to the invention. 

[005*7] In the method tor remediating at least one of the media, ^oil, water, and gas 

according to the imention. the environment, in which the iron powder for remediation 
according to the invention is applied, is not specifically limited, although when, the media/soil 
> remediated, the water content ^ the medico;', > preferably about 5 "< h\ nuo^ or more. 




The media/soil atmosphere ma\ be aerobic or anaerobic. The pH of the media/soi] is 
preferably within 1 to 10. When groundwater is remediated, ihe concentration of dissolved 
oxygen in the groundwater is not specifically limited and, therefore, the invention can be 
applied over a wide range. 

[0()>S] The halogenated hydrocarbons contained in the media, soil, water, and gas 

undergo a dehalogenation reaction by contact with the iron powder for remediation according 
to the invention, and are decomposed into harmless compounds containing no halogen 
elements and hydrogen halides. I : or example, TCH receive^ an electron (be reduced) from 
the surlace ot the iron powder, and forms an unstable intermediate, for example. 

H) ehloroacetylene. by p-elimination. Furthermore, the resulting intermediate is decomposed 
into compounds not containing chlorine, for example, acetylene. Sometimes, further 
reactions occur, although at all events, the dehalogenation reaction proceeds by the reception 
of the electron (be reduced) from the surface of the iron powder and. as a result, 
decomposition into harmless compounds proceeds. 

15 (Kxamples) 

[0()5s>] The invention w ill be described below using Hxamples. although the invention 

is not limned to those. 
(Examples 1 to 4) 

(i) Preparation of iron powder for dehalogenation 

-° i'OOoO] An as atomi/ed powder wa^ produced (nun a molten steei at 1 "{)()- C bv a 

water atomi/ation process. Subsequently, finish reduction was performed in a stream of 
hydrogen at WKb* C for 1 hour, and then, pulverization and adjustment of particle diameter 
were performed. The components in the iron powder at tins stage were examined with the 
result that the contents of the primary components other than iron contained in the iron 

5 powder were a- described below. 



C ; J.OTl by mass 
Si: 0.0? r "; by mass 
Mii: 0.1 5VJ by mass 
P : 0.02<7 by mass 

5 O : 0.01 ',7 by mass 

[000] ] A TiN powder iclatrii- rcsiMivity p. ?..17 x 10 S2-m) vvu v mixed into the 

resulting iron powder, and the lesuhing mixture was heated lo K50° C in nitrogen gas and. 
therefore. TiN was introduced onto trie suilacc of tne iron powder. Subsequently, the TiN 
iron powder was pulverized again, and the distribution of the particle diameter was adjusted 

10 by sieve classification such that 60 r "r by mass of the iron pow der passed through sieve 

openings of 75 mm. The mixing ratio of TiN relative to the iron powder and the heating time 
after mixing were variously changed to set the TiN covering rate of the iron powder for 
remediation at 5 f .y , 10'* , 3 0*3 , and bQ<l by area. Tlie TiN covering rate of the surface of the 
iron powder was determined by SI\\1 obserx ation. 

15 in) Destruction test of halogenateu hydrocarbon in the soil 

|00h2) Sandy soil having an average particle diameter of 170 mm wliicli liad been 

dried beforehand for 2 days in an o\en at 40" C\ was mixed with the iron powdci for 
dehalogenation. winch had been prepared as described above, to prepare a sample having the 
total mass of 40 g and an iron powder mixing rate of 1 r i by mass. At this time, a sample 

:u containing no iron powder was prepared Simultaneously as a reterence sample. 

[0003 j bach of these samples w as put in a glass vial having a volume of 100 ml. 

(milliliter), and the via! was sealed by putting a butyl rubber stopper w :th a liner made oi 
fiuororesin on the vial, and further by fastening with an aluminum cap. 

[00M] Trichloroethylene (TCH) (manufactured by K AN T( ) CULM K \\I CO.. LTD.: 

:^ reaeeut grade) was dissolved in distilled water, and an aqueous solution ha\ mg a 




concentration ^f 973 rv.g.'V wa* ..repared. 4.5 nil. of the resulting aqueous solution Aas 
added into the Mai, in whieh tne aforementioned sample had been encapsulated, using a 
micro-syringe, and the water content of the sample w as adjusted to by mass. I he 
resulting sample was stored in a thermostatic chamber at 23" C. and after the test for 3 days. 
5 50 |ul. of gas was taken from the headspuce portion with a gas tight syringe, and the 
concentration of trichloroeth\ lene was analyzed with a GC71 "ID. 

[00(0] The destruction speed was evaluated based on the ratio of the trichloroethylene 

concentration of the sample containing the iron powder after the test for 3 days to the 
trichloroethylene concentration oi the reference sample alter the test for 3 days The 

10 evaluation results are shown in 'Fable 1 . 

(iii) Destruction test ofhalogenated hydrocarbon in the groundwater 
[0066] CaCO; (manufactured by KAN'l O CHHMICAL CO.. LTD.; reagent grade) 

was dissolved in deioni/ed water, and an aqueous solution having a concentration of 0.4 m\l 
was prepared as simulated groundwater. A glass vial having a volume of 50 ml was filed to 

15 the point of overflowing with the simulated groundwater, and theieafler, in a globe box, 
nitrogen was blown into the vial to completely degass it. Subsequently. 5 g of the iron 
powder for remediation prepared as described above w as added thereto, and the vial was 
sealed with no headspace by putting a butyl rubber stopper with a liner made of tluororesin on 
the vial, and further by fastening with an aluminum cap. At this tune, a sample containing 

2') no iron powders was prepared simultaneously as a referer.ee sample in a manner similar to 

that in (ii ). The total amount of the liquid in each of the vial had been measured beforehand. 
[OOfiT] Trichloroethylene standard stock solution tor analyzing water quality 1 1 

mgmL-melhanol; manufactured by KAN IT) CH1 ; M1CAI CO.. LTD. ) was added into the 
aforementioned vial with a micro-syringe in a proper amount and. theretore. the 
trichloroethylene concentration was adjusted at 5 mg'I . The resulting <ample was shaken 
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with a rotary shaker at f>() rpm tor 3 flays in u thermostatic chamber at _5 C (\ 
KKJOS] SeparateK. TS niL of 300 g'L sodium chloride aqueous solution produced 

using deionized water was prep m a in a \ial lor GC7MS analysis having a volume of 25 niL. 
[00b9] Bv using a micro-syringe. 200 jaL of the aforementioned sample shaken lor 3 

5 days was taken and added to the aforementioned sodium chloride aqueous solution tin the vial 
leaving a volume ot 25 ml.) and. therefore, the total amount of the liquid was adjusted al 10 
ml.. Then, the vial was sealed immediately by septam with a liner made of fiiiororesm. 
The tnehloroethylene concentration of the resulting sample was analyzed by a Headrace 
GCVMS in conformity with J IS K 0125 Testing methods for volatile organic compounds in 

m industrial water and waste w ater. The destruction speed of tnehloroethylene w as evaluated 
based on the ratio of the tnehloroethylene concentration of the sample containing the iron 
powder to the tnehloroethylene concentration of the reference sample in a manner similar to 
that in (ii). The results of the destruction tests and measurements are shown in Table 1. 
iHxamples 5 to S ) 

15 [0070] An iron powder foi remediation was prepared in a manner similar to those in 

Examples 1 to 4 using a Ti() powder (electric resistivity p: 3 \ 10 ' Q in) instead of the TiN 
powder, and the destruction test of the haiogenated hydrocarbons in the soil and thedestruction 
test of tnehloroethylene in the groundw ater were carried out. The results are shown in Table 
1. 



[Tabic 1J_ 
Sample 



Iron powder lor dehuloizenation 



Example 1 



4 



Comparative 
example 1 
Example 5 
6 

7 

_8 _ 
Comparative 
example 2 



Particle d ; ameter 
(amount of powder passed 
through 75 |iin sieve) 

( l "( by mass ) 
HY'.\ by mass or more 
biY'.'i by mass or more 
(>0 f 7 by mass or more 
hO f 7 by mass or more 
N) r < bv mass or more 



Metal compound 
covering rate 
l r ( bv area) 



t I laiogenated 
hydrocarbon 
i destraction test 

Ground - 



Soil 



water 



60'.? by mass or more 
b() f ? by mass or more 
60'? by mass or more 
b0<? bv mass or more 



60v? bv mass or more 



TiN 5 j 


0.05 


(MX) 


TiN 10 


0.01 


0.02 


TiN 30 


0.02 , 


0.01 


TiN b0 


0.10 


0.20 


0 




o>Vs 


TiO 5 


~~0.20 1 


0.30 


TiO 10 


0.03 ! 


0.05 


TiO 30 


0.02 ! 


0.03 


TiO 60 


0.70 


O.SO 


TiO, 10 


0.97 ! 


03)8 









1 ) Ratio of TCI- concentration of sample to TCH concentration ot reference sample after 
test for 3 days 

2) Lleetric resistivity TiN ?.l 7 x 10 il m 

TiO 3 x 10" LI in 
TiO : 1.2 x 10 : £2-m 

(Hxamplcs e > to 12) 

[007 1 ] An iron powder for remediation was prepared in a manner similar to those in 

Examples 1 to 4 by using a V-O, powder i electric resistivity p: 1 x 10* L2 m) instead ot the 
TiN powder, and the destruction test of the ha!oe.enated hydrocarbons in the soil and the 
destruction lest of tricmoroeihvlene in the ground water were earned out. The results are 



shown in Table 2 



JTab!e_ 
Sample 



Hxample 9 
10 
1 1 
i ~> 



I:"' -n powuci foi dehaloeenation 



Particle di am cut 
(amount of powder passed 
through 15 \xm sieve) 

( f ~< by mass) 
(>0 r ; by mass or more 
f)0 r < bv ma *s or ,v.ore 
()f) r ( by mass or more 
f)() r r bv mass or more 



Inorganic compound 
covering i ate 
[ r '< by area) 

~V.C)""T 
V'.O; 10 
\ : (). 30 

Y\Q; O0 



I iulogenated 
hydrocarbon 
destruction tost 1 ' 
Soil I ? round - 
water 



0.H) 
0.10 
0.12 

o.so 



0.70 
0.15 

o.n 
o.s> 



2) 



Ratio of TCH concentration of sample to TCH concentration of reference sample after 
test for 3 days 

HIeetrit: resistivity V-O, 1 x 10 5 12 in 



{Comparative example 1 ) 

[00721 An as atomized powder was produced from a molten steel at 1700° C by a 

water atomization process. Subsequently, finish reduction was performed in a stream of 
hydrogen at 90() c C for 1 hour, and then, pulverization and adjustment of panicle diameter 
s were performed. The components in the iron povuler at this stage were examined with the 
result that the contents of the primary components other than iron contained in the iron 
powder were as described below. 

C : 0.01 7c by mass 

Si: 0.05'. r by mass 
h> Mn: 0.1 5 r < by mass 

P : 0.02 r r by mass 

() : 0.0 \ r c by mass 
!()()".- 1 The inorganic compound w as not sintered on the resulting iron pow der. 



Subsequently, the destruction test of the halogenated hydrocarbons in the soil and the 



• 



destruction test of the halogenateu. h\dr -carbons in ihc groundwater were earned out in a 
manner similar to thut in H> ample 1 . "he results ol" the destruction tests and measurements 
are shown in Table 1 . 
(Comparative example 2; 
5 [0074] An iron powder having a TiO : powder covering rale of 10 r ; by area was 

prepared using a TiO, powder .electric resistivity p: 1.2 x 10 : LI -m) having an electric 
resistivitv greater than 1 \ i0 ; f A-m instead of '.he I iN powder. Thereafter, the destruction 
test of die halogcuated h\drocaibons in the soil ami the destruction test ot the haiogenated 
hydrocarbons in the groundwater were carried out in a manner similar to that in Example 1 . 
10 The results of the destruction tests and measurements are shown in Table 1 . 

1 0075 J When the inorganic compound is not present on the iron powder (Comparative 

example 1 ), or the inorganic compound (TiO : ) having an electric resistivity greater than about 
1 x 10 4 Q. m is present on the iron powder (Comparathe example 2). the speed of destruction 
is low and. therefore, the triehloroethylene concentrations are hardly decreased after testing 
15 for ? days. On the other hand, decreases in the concentration are clearly observed when an 
inorganic compound halving an electric resistivity of about 1 \ 10" <2 in or less (TiN: electric 
resistivity p - 2.17 x 10 ' LI m. TiO: electric resistivity p - 3 \ 10" <i-m. or V : (). electric 
resistivitv p =1x10 5 Q in) is present on the iron powder for remediation according to the 
invention (Hxamples 1 to 12). 
20 •()().. oj T'ne iron powder for remediation according to the invention has an 

unexpectedly and remarkably increased dehalogenat ion speed of haiogenated hydrocarbons. 
There is no fear of the problem of secondary pollution due n> metals contained in the iron 
powder, and the iron powder of the invention can be inexpensively produced. Furthermore, 
the iron powder of the invention can be applied to conventional methods, in which iron 
>- powder- are used to render the polluted soil, groundwater and the uke. containing halogciiatej 

I 1 ' 



• 



hydrocarbons nannies, wiliuv.it an\ further treatment and, therefore, has superior usefulness 
in practice. 



